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ABSTRACT
Twenty isolates of group B streptococcus (GBS) were recovered from the milk of cows with bovine
mastitis on three farms located in the south and south-east of Brazil between 1987 and 1988. These
isolates were characterised by molecular methods and compared with a collection of 103 human GBS
isolates from colonised and infected patients in the same region between 1980 and 2003. Some of the
bovine isolates shared identical or similar pulsed-field gel electrophoresis (PFGE) patterns with a PFGE
clone of human GBS type V. In addition, these bovine and human isolates also possessed the same
ribotype. Multilocus sequence typing (MLST) of representative isolates confirmed the genetic
relationship between the human and bovine GBS isolates with identical PFGE patterns, which clustered
in the same ST-26 clonal complex. These data support the hypothesis that some bovine GBS strains are
related closely to human isolates and may infect humans, or vice versa. Further comparative genomic
analyses of GBS isolates from bovine and human origins are required to investigate this hypothesis
further.
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INTRODUCTION
Streptococcus agalactiae (group B streptococcus;
GBS) colonises and infects both humans and
animals throughout the world [1–4]. The com-
monest serotypes associated with colonisation
and disease in the USA [2,5] and Brazil [6–8] are
serotypes Ia, Ib, II, III and V. A surveillance study
performed in the USA during the 1980s found
that type III isolates accounted for 36% of early-
onset and 71% of late-onset GBS neonatal infec-
tions, in addition to 20% of diseases in adults [9].
Reports of GBS infections caused by serotype V
indicated that this serotype is also important in
adult diseases [5,10–12]. In Atlanta, GA, USA,
between June 1992 and June 1993, serotype V
isolates caused 21% of all cases of GBS infections
[5].
The incidence of neonatal GBS sepsis and
meningitis has decreased by c. 65% since the
introduction of intra-partum antibiotic prophy-
laxis [13]. Nevertheless, cases of early-onset dis-
ease continue to cause significant morbidity and
mortality in the USA [14], and a recent global
study by the WHO showed that neonatal pneu-
monia or sepsis accounts for 10% of the 10.6
million annual deaths among children aged
<5 years [15]. In Africa and Latin America, group
B streptococci account for 8.5% and 4.1% of
nosocomial or maternally-acquired infections
among hospitalised neonates during the first
28 days of life [16].
In addition to causing human infections, GBS
has long been recognised as an important aetio-
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logical agent of bovine mastitis, associated with
either clinical or mild sub-clinical disease. Bovine
mastitis caused by GBS is a major problem for the
dairy industry, causing significant economic loss
[1,4,17]. Previous studies have suggested that
isolates of bovine and human origin have a
significant degree of genomic diversity [1,17–19].
Temporally matched bovine milk and human
invasive isolates of GBS (52 each), collected in
New York, USA, were characterised by EcoRI
ribotyping and by DNA sequencing of the sodA
and hylB genes. The combined analysis allowed
the discrimination of 39 clonal groups, of which
26 contained only bovine isolates and two con-
tained both human and bovine isolates [18].
Another study used the partial sequence of infB,
detection of inserted sequences GBSi1 and IS1548,
and DNA restriction digest patterns (RDPs), to
examine the genetic relationship between bovine
and human type III GBS isolates. Using these
molecular tools, human serotype III was subdivi-
ded into four distinct lineages. The bovine sero-
type III GBS isolates were largely contained in
two lineages that were distinct from the two
major lineages (types III-2 and III-3) that infected
human neonates. One of the bovine lineages
closely resembled human RDP type III-1, which
occasionally causes human neonatal infections
[19]. More recently, pulsed-field gel electrophor-
esis (PFGE) analysis of 189 GBS isolates of bovine
(38 isolates) and human (151 isolates) origin
revealed a variety of profiles, although a few
major clusters were observed [20]. However,
Bisharat et al. [21] showed that the human se-
quence type (ST)-17 complex, which is associated
with type III invasive neonatal infection, is related
more closely to major bovine ST complexes than to
other human ST complexes, suggesting that the
human GBS ST-17 complex evolved from a bovine
lineage. Accordingly, the present study investi-
gated the genetic relationships between human
GBS isolates and isolates associated with bovine
mastitis on farms in Brazil, using PFGE, ribotyping
and multilocus sequence typing (MLST).
MATERIALS AND METHODS
Bacterial isolates
Twenty GBS isolates associated with bovine mastitis were
obtained from three farms located in the states of Rio de
Janeiro (two isolates), Santa Catarina (two isolates) and Sa˜o
Paulo (16 isolates). The isolates were recovered from the milk
of cows with bovine mastitis and were identified presump-
tively by routine tests, including colony morphology, Gram’s
stain, b-haemolysis on sheep blood 5% v ⁄v agar, susceptibility
to bacitracin, and catalase, CAMP and hippurate tests [22]. The
bovine isolates were compared with a collection of 103
previously characterised human GBS isolates obtained during
a 24-year period (1980–2003) from public health laboratories,
gynaecological clinics and university hospitals, from either
patients or carriers, from the south or south-eastern regions of
Brazil, mainly Rio de Janeiro and Santa Catarina [23]. These
103 human isolates belonged to three serotypes, namely 26II,
41III and 36V.
Grouping and typing of the isolates
The streptococcal groups were determined by the nitrous acid
procedure [24]. The isolates were typed by the capillary
precipitin method using hot HCl extracts [25]. Grouping and
typing sera were prepared locally in rabbits, using bacterial
strains and protocols kindly provided by R. R. Facklam (CDC,
Atlanta, GA, USA). The typing programme also received
assistance from P. Ferrieri (University of Minnesota, USA). The
identification of all serotypes was confirmed by immunopre-
cipitation in agarose [26] using new sera produced locally and
HCl antigen extracts from 20-mL broth cultures.
PFGE
PFGE was performed as described previously [27], except that
the bacterial cell wall was lysed at 37C for 18 h in a solution
containing lysozyme (2.8 · 104 U ⁄mL; Amersham Pharmacia
Biotech, Cleveland, OH, USA), mutanolysin (25 U ⁄mL; Sigma
Aldrich, Sa˜o Paulo, Brazil), BRIJ 0.5% v ⁄v (Sigma Aldrich) and
RNAse (3.8 U ⁄mL, Sigma Aldrich). The SmaI-digested DNA
fragments were separated using pulse times of 1–30 s for 23 h
at 11.3C, an angle of 120, and a voltage of 6 V ⁄ cm. Gels were
stained with ethidium bromide and photographed under UV
light. The criteria used for defining clones were those des-
cribed by Tenover et al. [28].
Ribotyping
SmaI-digested genomic DNA (separated by PFGE) and total
DNA digested with ClaI, HindIII or EcoRI (separated by
conventional electrophoresis) were both vacuum-transferred
(VacuGene; Amersham Pharmacia Biotech) to nylon mem-
branes (Hybond-N+ Amersham Pharmacia Biotech). The DNA
was fixed by baking and was then hybridised with a 16S-
rDNA probe prepared by PCR (primer 1, 5¢-CGCTGA-
GGTTTGGTGTTTAC; primer 2, 5¢-CCGGTGTTCCTCCATA-
TATC). The ECL direct nucleic acid labelling and detection
systems were used as recommended by the manufacturer
(Amersham Pharmacia Biotech).
MLST
MLST was performed for representative GBS isolates of
human or bovine origin that displayed identical or similar
PFGE profiles. Internal fragments (400–500 bp) of seven
different housekeeping genes were amplified by PCR and
sequenced as described previously [29]. Sequences were
assembled and analysed with the Staden suite of computer
programs [30]. For each locus, each different sequence was
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assigned an allele number. Each isolate was assigned an ST
based on the seven integer numbers constituting its allelic
profile. The sequences of all alleles and the composition of the
STs identified in this study are available at http://sagalactiae.
mlst.net.
RESULTS
Serotyping
Of the 20 bovine GBS isolates analysed, two
belonged to serotype Ia, three to serotype II, and
five to serotype V. Ten bovine isolates could not
be assigned to serotypes with the antisera avail-
able (Table 1).
PFGE
The bovine origin GBS isolates were distributed
among five distinct PFGE types (A–E, Table 1)
according to the criteria of Tenover et al. [28].
PFGE types B–E differed from the predominant
pattern A1 by more than six bands and were
considered to be genetically unrelated [28]. Thir-
teen of the 20 bovine GBS isolates belonged to
type A (subtype A1, 12 isolates; subtype A2, one
isolate). Fig. 1 shows the PFGE patterns of repre-
sentative type A isolates (lanes 6–9, subtype A1;
lane 10, subtype A2). All GBS isolates with the
type A pattern were from the Sa˜o Paulo farm
(Table 1). The isolate of PFGE subtype A2 differed
by four PFGE bands from that of subtype A1,
probably because of two genetic events involving
the SmaI sites (Fig. 2; lane 3, bovine isolate 87159;
lane 4, bovine isolate 87155; representatives of
patterns A2 and A1, respectively). Thus, these
bovine isolates would be classified as ‘possibly
related’ according to the Tenover criteria [28].
Nine of the bovine isolates belonging to subtype
A1 were non-serotypeable, while two belonged to
serotype Ia, and one to serotype II. The isolate of
subtype A2 belonged to serotype V. Six bovine
GBS isolates were distributed equally among
PFGE patterns B, C and D, and one additional
isolate generated pattern E (Table 1).
Table 1. Serotype and pulsed-field gel electrophoresis
(PFGE) patterns of 20 bovine group B streptococcus strains
isolated from various farm locations
Isolate Farm location Year of isolation Serotype PFGE
87149 Sa˜o Paulo 1987 NT A1
87151 Sa˜o Paulo 1987 NT A1
87154 Sa˜o Paulo 1987 NT A1
87155 Sa˜o Paulo 1987 Ia A1
87156 Sa˜o Paulo 1987 Ia A1
87157 Sa˜o Paulo 1987 II A1
87160 Sa˜o Paulo 1987 NT A1
87161 Sa˜o Paulo 1987 NT A1
87162 Sa˜o Paulo 1987 NT A1
87163 Sa˜o Paulo 1987 NT A1
87164 Sa˜o Paulo 1987 NT A1
87167 Sa˜o Paulo 1987 NT A1
87159 Sa˜o Paulo 1987 V A2
87165 Sa˜o Paulo 1987 V C
87166 Sa˜o Paulo 1987 V C
87169 Sa˜o Paulo 1987 NT E
87244 Rio de Janeiro 1987 II B
87245 Rio de Janeiro 1987 II B
88057 Santa Catarina 1988 V ⁄ c D
88058 Santa Catarina 1988 V ⁄ c D
NT, non-typeable.
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Fig. 1. Pulsed-field gel electrophoresis patterns of repre-
sentative human type V and bovine group B streptococcus
isolates. Lanes: 1 and 11, lambda-ladder molecular size
marker; 2, human isolate 80427, subtype P1; 3, human
isolate 89225, subtype P1; 4, human isolate 90186, subtype
P2; 5, human isolate 80246, subtype P3; 6, bovine isolate
87161, subtype A1; 7, bovine isolate 87151, subtype A1; 8,
bovine isolate 87155, subtype A1; 9, bovine isolate 87157;
subtype A1; 10, bovine isolate 87159, subtype A2.
1 3 4
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2
Fig. 2. Human and bovine group B streptococcus isolates
displaying indistinguishable or similar pulsed-field gel
electrophoresis patterns. Lanes: 1, lambda-ladder molecu-
lar size marker; 2, human isolate 80427, PFGE subtype P1;
3, bovine isolate 87159, subtype A2; 4, bovine isolate 87155,
subtype A1.
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Comparison of the PFGE patterns of the bovine
isolates with those of the 103 human GBS isolates
verified that the bovine isolates of PFGE subtype
A (Fig. 1, lanes 6–10) showed a pattern that was
identical or very similar to the patterns of some
human GBS isolates belonging to serotype V that
displayed a PFGE type designated previously as
type P (Fig. 1, lanes 2–5). Bovine subtype A1
(Fig. 1, lanes 6–9, and Fig. 2, lane 4) differs by
four or five PFGE bands from human subtypes P1
(Fig. 1, lanes 2 and 3; Fig. 2, lane 2), P2 (Fig. 1,
lane 4) and P3 (Fig. 1, lane 5), which would be
considered to be possibly related isolates. In
addition, bovine isolate type V of subtype A2
(Fig. 2, lane 3, isolate 87159) was indistinguish-
able from the human isolate subtype P1 (Fig. 2,
lane 2, isolate 80427). Thus, the human GBS
subtype P1 and the bovine isolate subtype A2
were related closely according to the criteria of
Tenover et al. [28]. The human isolate 92108,
displaying subtype P1, was obtained from a male
patient with urethritis, and another isolate
(90186), displaying subtype P2, was obtained from
a female with a urinary tract infection. However,
most human GBS isolates displaying PFGE type P
were from colonised sites (Table 2).
Ribotyping
Representative human and bovine isolates (five
each) with similar PFGE patterns were ribotyped.
All the isolates tested showed identical restriction
fragment length polymorphisms using the 16S-
rDNA probe, regardless of the restriction enzyme
used. Fig. 3 shows the results obtained following
digestion with EcoRI.
MLST
MLST was performed with representatives of
these GBS isolates and a type V human isolate
belonging to a different PFGE type (Q, more than
six bands different from subtype A1) in order to
further examine the genetic relatedness between
human PFGE subtype P1 and bovine PFGE
subtypes A1 and A2 [23]. Sequence data of the
geographically distant human genomic strain
2306V ⁄R was also used to construct the concat-
enated MLST tree. The human isolate (80427)
representative of the GBS serotype V, PFGE
subtype P1, had allelic profile 1-1-5-4-1-4-6 (ST-
26), while the other serotype V human isolate
(80381, PFGE type Q) had, as expected, a non-
related allelic profile, namely 1-1-3-1-1-2-2 (ST-2).
MLST analysis of the bovine isolate (87159),
which had a PFGE pattern identical to that of
human isolate 80427, identified a new ST (ST-256;
allelic profile 51-1-5-4-1-4-6). However, this pro-
file is closely related to ST-26, differing by only
one allele (adhP) as a result of a single point
mutation (C ⁄A). Surprisingly, the bovine GBS
serotype Ia isolate (87155), which had a similar
Table 2. Clinical and geographical origin and pulsed-
field gel electrophoresis (PFGE) patterns of human group B
streptococcus isolates belonging to serotype V that dis-
played similar PFGE patterns to those displayed by some
isolates from cases of bovine mastitis
Isolate Location
Year of
isolation Clinical origin
PFGE
pattern
89225 Santa Catarina 1989 Unknown P1
88541 Rio de Janeiro 1988 Vaginal colonisation P1
92108 Santa Catarina 1992 Male urethritis P1
92112 Santa Catarina 1992 Vaginal colonisation P1
80427 Santa Catarina 1980 Uterine cervix colonisation P1
83174 Santa Catarina 1983 Female anal colonisation P1
90186 Rio de Janeiro 1990 Female urinary infection P2
80246 Rio de Janeiro 1980 Cervix colonisation P3
83157 Santa Catarina 1983 Anal colonisation P4
02037 Rio de Janeiro 2002 Unknown P5
02038 Rio de Janeiro 2002 Unknown P5
02039 Rio de Janeiro 2002 Unknown P5
83080 Santa Catarina 1983 Anal colonisation P6
83081 Santa Catarina 1983 Vaginal colonisation P6
02014 Rio de Janeiro 2002 Unknown P7
02003 Rio de Janeiro 2002 Vaginal colonisation P8
03007 Parana´ 2003 Throat colonisation P9
03014 Parana´ 2003 Throat colonisation P10
03020 Parana´ 2003 Throat colonisation P10
1Kb
23.1
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2.3
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Fig. 3. EcoRI ribotyping patterns for human and bovine
group B streptococcus isolates. Lanes: 1, lambda-HindIII
molecular size marker; 2, human isolate 80427, subtype P1;
3, human isolate 83174, subtype P1; 4, human isolate 88541,
subtype P1; 5, human isolate 89225, subtype P1; 6, human
isolate 92108, subtype P1; 7, bovine isolate 87149; subtype
A1; 8, bovine isolate 87155, subtype A1; 9, bovine isolate
87157, subtype A1; 10, bovine isolate 87160, subtype A1; 11,
bovine isolate 87151, subtype A1.
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PFGE pattern (four band differences) and a
ribotype identical to that of the bovine isolate
87159, belonged to ST-103 (allelic profile 16-1-6-2-
9-9-2), which is an ST type that does not cluster
within the ST-26 clonal complex, since it differs
from ST-26 at six alleles. Fig. 4 shows the dendro-
gram based on the MLST concatenated sequences.
The bovine isolate 87159 (NT, ST-256) and the
human isolate 80427 (type V, ST-26) were placed
in the same clade, while the human isolates type
V80381 and 2306V ⁄R were allocated to a distinct
clade.
DISCUSSION
The present study compared the PFGE patterns of
20 bovine GBS isolates with those of 103 human
isolates belonging to three different serotypes
[23]. Most of the bovine mastitis isolates collected
from a farm in Sa˜o Paulo had PFGE patterns and
ribotypes identical or similar to those of some
human serotype V isolates. A relatively new
approach for deducing phylogenetic relationships
involves concatenating the sequences of various
genes, ignoring the fact that different positions in
the concatenated sequence originate from differ-
ent genes [31–33]. With the use of a concatenation
approach based on the partial internal sequences
of nine randomly chosen housekeeping genes
(encoding glucose-6-phosphate isomerase, phos-
phoglycerate kinase, glyceraldehyde-3-phosphate
dehydrogenase, serine ⁄ threonine phosphatase,
serine ⁄ threonine kinase, thymidine kinase, acet-
ate kinase, methyltransferase and aldose reduc-
tase) to construct a phylogenetic UPGMA tree [34],
the results obtained by PFGE and ribotyping (i.e.,
that bovine isolates 87155 and 87159 clustered
with the GBS human isolate 80427) have been
confirmed (I. C. M. Oliveira et al., unpublished
observations). Similarly, MLST demonstrated that
human isolate 80427 and bovine isolate 87159
belong to the ST-26 clonal complex (ST-26 and ST-
256, respectively).
A worldwide GBS type V clone has been asso-
ciated previously with infections among adults in
the USA, Argentina [11], France [12] and Brazil [23].
Interestingly, a murine GBS isolate obtained in
1992 also had a PFGE type similar to this type V
clone [11]. The PFGE pattern of this international
clone is distinct from that displayed by the
human ⁄ bovine PFGE cluster described in the
present paper [23]. In addition, ST-1 was the most
predominant ST type reported among interna-
tional serotype V GBS isolates [29,35,36]. Thus, the
ST-26 complex serotype V isolates in Brazil are
distinct from the predominant ST-1 serotype V
strains associated with human disease.
Strains in the ST-26 clonal complex have been
isolated rarely from neonatal invasive infections.
Jones et al. [29] described three ST-26 GBS isolates,
two from asymptomatic adults in Japan, and the
other from a neonate with invasive disease in the
UK. Two ST-26 complex GBS isolates were also
detected among 154 invasive or colonising sero-
type V isolates obtained from infants in the USA,
and one of these isolates was obtained from the
blood of an infected infant (J. F. Bohnsack et al.,
unpublished observations). However, no isolates
belonging to clonal complex ST-26 were found
among a large group of invasive isolates from
Sweden [35]. In the present study, one serotype V
human GBS isolate that clustered by PFGE profile
with the bovine ST-26 complex GBS isolates was
obtained from a male with urethritis, and another
from a female with a urinary tract infection,
demonstrating the potential for human adult
infections of this GBS type V clone.
Bovine isolate 87155 had an ST (ST-103) that
was quite distinct from that of human isolate
80427 (ST-26), despite only four band differences
in their PFGE patterns. ST-103 isolates are very
uncommon among isolates causing human neo-
natal disease. Only one ST-103 isolate was iden-
tified among a collection of 384 serotype Ia
isolates from human neonates in the USA (J. F.
Bohnsack et al., unpublished observations). The
fact that GBS isolates displaying similar PFGE
83
100
0.0030 0.0025 0.0020 0.0015 0.0010 0.0005 0.0000
ST2 (80381)
ST19 (2603 V/R)
ST103 (87155)
ST256 (87159)
ST26 (80427)
Fig. 4. Dendrogram constructed by the unweighted pair-
group method using arithmetic averages (UPGMA) on the
basis of multilocus sequence typing concatenated
sequences. ST-2, human isolate 80381 (group B streptococ-
cus (GBS) type V, pulsed-field gel electrophoresis (PFGE)
type Q); ST-19, human isolate 2306V ⁄R (GBS type V;
complete genome sequence was accessed via GenBank);
ST-103, bovine isolate 87155 (GBS type Ia, PFGE subtype
A1); ST-26, human isolate 80427 (GBS type V, PFGE
subtype P1); ST-256, bovine isolate 87159 (GBS non-type-
able, PFGE subtype A2).
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types can have very different STs may indicate
that MLST could, in some circumstances, distin-
guish phylogenetic lineages better than PFGE. In
this context, MLST demonstrated a superior
ability and reproducibility than PFGE in defining
genetically related extended-spectrum b-lacta-
mase-producing Escherichia coli [37]. A recent
genomic analysis of multiple pathogenic isolates
of S. agalactiae indicated that this bacterial species
has an open genome, since unique genes were
detected after eight genomes were sequenced.
Even strain classification methods such as MLST
fail to reflect the genetic diversity detected by
whole genome analysis [38].
A relationship between human and bovine GBS
isolates was demonstrated previously by Bisharat
et al. [21]. Fifty MLST profiles were represented in
a collection of 210 bovine isolates and 155 human
isolates (from carriers and infected patients)
belonging to different serotypes. Twenty-six STs
were identified only in human isolates, 17 were
unique to bovine isolates, and three were present
among both human and bovine isolates. Never-
theless, the human ST-17 complex, associated
with invasive neonatal disease, was the only
human lineage clustered within the bovine pop-
ulation studied, and was divergent from all the
other human lineages analysed [21].
In conclusion, the present results suggest
clearly that a clone of human GBS type V
(ST-26) isolates is related genetically to a type V
(ST-256) GBS isolate from a case of bovine
mastitis. This finding is consistent with the
premise that infected cattle could be a source of
human GBS contamination and vice versa. How-
ever, studies involving comparative genomic
analysis of bovine and human GBS isolates with
identical PFGE patterns and ST types would be
valuable to assess this hypothesis further.
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